Introduction {#sec1-1}
============

Periodontitis is a chronically multifactorial inflammatory disease related to dysbiotic plaque biofilms and characterised by the gradual destruction of dental supportive apparatus \[[@ref1]\]. It is caused by specific microorganisms resulting in progressive destruction of the periodontal ligament \[PDL\] and clinical attachment loss (CAL) or alveolar bone with pocket formation, recession or both \[[@ref1]\], \[[@ref2]\], \[[@ref3]\], \[[@ref4]\].

Periodontal therapy's general objectives include 1 --- prevention of primary and secondary periodontal diseases through infection and inflammation control and 2. The maintenance or improvement of all supporting structures and tissues (gingivae, PDL\], cement and alveolar bone), in health and function, comfort and aesthetic \[[@ref5]\].

Periodontal regeneration is a complex multifactorial process involving biologic events like cell adhesion, migration, proliferation, and differentiation in a composed sequence. Regenerative periodontal procedures \[[@ref6]\], \[[@ref7]\], \[[@ref8]\] include soft tissue grafts, bone grafts, root biomodifications, guided tissue regeneration \[GTR\], laser biostimulation and combinations of these procedures.

After Maiman had introduced the first actual laser system in 1960, \[[@ref9]\] the laser was introduced in dentistry than in periodontology and divided into high-level laser \[HLL\] and Low-Level laser \[LLL\].

Recently, LLLT has been used as a bio-stimulator for tissue repair, as it helps to improve local circulation, cell proliferation and collagen synthesis \[[@ref10]\], \[[@ref11]\], \[[@ref12]\].

At the cellular level, LLL induces biochemical, bioelectric and bioenergetic improvements, leading to increased metabolism, mitotic activity of epithelial cells, fibroblasts cell proliferation and maturation, collagen construction, granulation tissue increase, decrease of inflammatory mediators, triggering the healing process through changes in capillary density and stimulation of local microcirculation \[[@ref13]\], \[[@ref14]\], \[[@ref15]\].

In some studies, on new bone formation, it was stated that the laser's biostimulation effect is not only due to its specific characteristics but also to the development of a series of local conditions that accelerate the bone formation and oedema resolution \[[@ref16]\].

This study aimed to evaluate the effect of LLLT in combination with Nano-HA bone graft and autologous PRF compared to the effect of the combined treatment of Nano-HA bone graft and autologous PRF on induced periodontal intrabony defects in rabbits as experimental animal models.

Material and Methods {#sec1-2}
====================

Preparation of animals {#sec2-1}
----------------------

After Experimental Animal Research Ethics committee approval *(Cu/I/F/11/19)*, This study was done over 16 intrabony defects in 8 adult male rabbits, aged 7-8 months and with an average body weight more than 2.5 kg. Before the procedures, all rabbits were separated from each other, then acclimatised in the laboratory environment for 5 days. They were fed by a special, pelleted commercial diet. They were anaesthetised using general anaesthesia with Subcutaneous injections of Ketamine and Xylazine HCl.

Experimental groups and induction of periodontal defects {#sec2-2}
--------------------------------------------------------

The study included preparation of 16 periodontal defects at the region of interest \[ROI\] that were grouped (4 defects in each group) as follows;

I\) control group \[C group\]: the induced defects were left without adding any materials nor irradiated by laser therapy.

II\) control laser group \[(CL) group\]: the induced defects were irradiated by Laser only.

III\) the treated group (G+PRF): the induced periodontal defects were induced then treated by adding the graft material and PRF without laser irradiation.

IV\) the test group (L+G+PRF): the induced defects were irradiated by laser after adding graft and the PRF to the defects.

These 4 groups were distributed randomly in rabbits where each group contains 2 rabbits(4defects) as follows:

Group 1 (Rabbits 1&2) the right-side defects were \[C group\] while the left side defects were \[(CL)-group\].Group 2 (Rabbits 3&4), the right-side defects were \[C group\] while the left side defects were \[(G+PRF)-group\].Group 3 (Rabbits 5&6) the right-side defects were \[(G+PRF)-group\] while the left-side defects were \[(L+G+PRF)\].Group 4 (Rabbits 7&8); the right-side defects were \[(CL)-group\], while the left-side defects were (L+G+PRF).

The surgical field was prepared for the surgical intervention by being shaved carefully, then sterilised using ethanol 70%. A 5 cm rostro-caudal full-thickness incision was made in the skin and the underlying muscles for exposure of the *ROI*, which is the interdental area between the mandibular 1^st^ and 2^nd^ molars of all rabbits without vertical incisions.

After retraction of the flap corono-apically, 1- osseous-wall defect \[[@ref17]\], \[[@ref18]\] was then induced by exposing the distal surface of distal root of the 1^st^ molar and mesial surface of mesial root of the 2^nd^ molar with the aid of a stopper-premeasured tapered FG drill coupled to a high-speed motor with copious physiological saline irrigation.

The defect presented the following measures: 10 mm corono-apical (measured from the cemento-enamel junction to the most apical edge of the defect) and 4 mm deep (buccolingual direction) measured from the surface of the alveolar bone to the lingual surface of the defect. The exposed roots were curetted using Gracey curette G5/6 to remove the Sharpey's fibres of the periodontal ligament and cementum.

![Defect induction](OAMJMS-7-1847-g001){#F1}

PRF preparation {#sec2-3}
---------------

To prepare PRF, five-millilitre blood samples were collected from each rabbit before sedation using capillary tubes from the inner canthus of the eye into syringes without anti-coagulants then centrifuged at 30.000 RPM for 15 min. PRF was picked up and compressed between 2 sterile glass slides to form a thin membrane and divided into 2 pieces; one was used as a membrane, and the other was cut into pieces to be mixed with the Nano-HA reinforced Fisiograft.

Defects treatment {#sec2-4}
-----------------

Some periodontal defects were filled with the mix of FISIOGRAFT NanoHA-reinforced bone graft and PRF and then covered by PRF membrane according to the group.

![Filling the defect with the mix of NanoHA+PRF](OAMJMS-7-1847-g002){#F2}

The laser was applied before flap closure according to the blinding procedures using Diode laser --\[GaAlAs\] 810 nm- in a continuous mode of power 100 mW for 180 sec to get 18 J. with delivery tip 0.35 cm radius and 0.385 cm^2^ area. Energy density applied was about 46.8 J/cm^2^. The flap was repositioned after suturing the muscles with simple interrupted pattern with 3-0 Vicryl while the skin was sutured with 3-0 Silk. The wound was left undressed to the open environment. The laser then was applied daily for 5 consecutive days postoperatively according to the blinding procedures.

Postoperative management and assessment {#sec2-5}
---------------------------------------

Baseline CT radiography was operated and repeated on the living rabbits at the 15 and 30 days later. The rabbits were then housed in an individual cage. The room was maintained at 22° relative humidity and a 12-hour light-dark cycle. Food and water were provided ad libitum. Postoperative analgesic (Diclofenac Sodium) was taken once daily for 3 days S.C 10 mg/kg. Postoperative antibiotic (Ceftriaxone) was taken once daily for 3 days S.C. 25 mg/kg.

Laser device was operated daily to each rabbit in 4 sessions (2 to the right side and 2 to the left side) of 90 seconds every session where;

\- In group 1and 3, the device was adjusted to the non-laser mode for the right side and adjusted to laser mode for the left side.

\- In group 2, the device was adjusted to the non-laser mode for the right side and the left side.

\- In group 4, the device was adjusted to laser mode for the right and the left sides.

![Laser biostimulation](OAMJMS-7-1847-g003){#F3}

CT radiographs were taken for the live animals at baseline, 15 and 30 days later.

The collected data were analysed statistically using SPSS (version 20), and Excel 2013 programs were used for data analysis. Mean, and standard deviation of quantitative data was estimated. Bone density at baseline, 15^th^ and 30^th^ days were analysed with ANOVA test to determine the differences within each group and between groups at different observation periods. The significance (σ) level was set at P ≤ 0.05.

![CT radiography for the rabbit](OAMJMS-7-1847-g004){#F4}

Randomisation and blinding procedures {#sec2-6}
-------------------------------------

For randomisation, the rabbits were numbered and randomly allocated in the groups (1, 2, 3, 4).

![Baseline CT radiography of one of (G+PRF+L) group rabbits](OAMJMS-7-1847-g005){#F5}

For blinding procedures: Triple blinding was applied where all surgical procedures were performed by the periodontist researcher. Laser device was adjusted by the main operator and operated blindly by another clinician. The CT radiography was operated by a technician and analysed by a radiologist who didn't know the group allocation of the defect. The statistician also didn't know the treatment modality of each group.

Results {#sec1-3}
=======

Differences in bone densities within each group at different time intervals {#sec2-7}
---------------------------------------------------------------------------

Changes in mean bone density of ROI in different groups are presented and compared at different observation periods ([Table 1](#T1){ref-type="table"}).

###### 

Comparison between groups and between time intervals within each group

             Mean values      P- value                                                                                
  ---------- ---------------- --------------- ---------------- ----------------- ------ ------- ----------- --------- ----------
  \(0\)      149.67± 159.13   165 ± 187.1     147.48± 177.77   243.12 ± 189.55   1.0    0.293   0.0049 \*   0.209     0.208
                                                                                                                      
  15th day   356 ± 534.81     644.1 ± 289.7   465.06± 180.55   749.74 ± 244.15   0.77   0.072   0.771       0.049\*   0.0023\*
                                                                                                                      
  15: 0      0.98             0.00            0.00             0.00                                                   
                                                                                                                      
  30th day   391.25± 151.79   648.7± 273.2    564.67± 410.87   1061.94± 624.46   0.87   0.485   0.026\*     0.083     0.0036\*
                                                                                                                      
  30: 0      0.166            0.00            0.00             0.00                                                   
                                                                                                                      
  30: 15     0.967            0.998           0.598            0.026                                                  

![15^th^ day CT radiography of one of (G+PRF+L) group rabbits](OAMJMS-7-1847-g006){#F6}

All treatment groups showed increased bone density after 15 and 30 days. Only the (C) group showed a non-significant increase after 15 and 30 days compared to baseline. While the groups (CL), (G+PRF) and (G+PRF+L) showed significant increase after 15 days compared to the baseline (P= 0.00, P= 0.00 and P= 0.00 respectively) and also showed significant increase after 30 days compared to the baseline (P= 0.00, P= 0.00 and P= 0.00 respectively). Only (G+PRF+L) group showed a significant increase in bone density from the 15^th^ day to the 30^th^ day (p= 0.026).

Differences between groups bone density at baseline {#sec2-8}
---------------------------------------------------

At baseline, there was a significant difference in bone density of ROI between group (G+PRF+L) and (G+PRF) and between (G+PRF) and (CL) group (P = 0.049) and (P = 0.022).

![30^th^ day CT radiography of one of (G+PRF+L) group rabbits](OAMJMS-7-1847-g007){#F7}

Changes between groups in bone density after 15 days {#sec2-9}
----------------------------------------------------

After 15 days, there was a significant difference between (G+PRF+L) and (C) and between (G+PRF+L) and (CL); P= 0.002 and 0.049 respectively.

![Baseline CT radiography assessment of one of (G+PRF+L) group rabbits](OAMJMS-7-1847-g008){#F8}

Changes between groups in bone density after 30 days {#sec2-10}
----------------------------------------------------

After 30 days, there was a significant difference between (G+PRF+L) and (C) and between (G+PRF+L) and (G+PRF); P-value = 0.004 and 0.027 respectively.

![Bone Density in animal groups throughout time intervals; baseline, after 15 days & 30 days](OAMJMS-7-1847-g009){#F9}

Discussion {#sec1-4}
==========

The effects of LLLT and a combination of PRF and Nano-HA graft on bone healing were evaluated in the current experimental study.

There is no experimental study to our knowledge that has evaluated the combined effect of LLLT, PRF and Nano-HA graft on bone healing. A few potential limitations are needed to be considered before reaching conclusions based on the present results. Although the methodology of the current study can be applied in various settings, these results were applied exclusively to experimental animal studies and mayn't be considered generalizable. The present study was conducted on 16 defects. Our findings, however, were consistent and coherent, indicating the study's external validity strongly.

One of the challenges of clinical and experimental research is to develop the bioactive surgical additives used to regulate inflammation and increase the speed of the healing process. PRF consists of an autologous leukocyte-platelet-rich fibrin matrix composed of a tetramolecular structure with cytokines, platelets and stem cells within it, acting as a biodegradable scaffold that promotes the development of micro-vascularization and can guide epithelial cell migration to its surface \[[@ref2]\], \[[@ref19]\], \[[@ref20]\], \[[@ref21]\], \[[@ref22]\]. It has also been demonstrated that PRF is an effective treatment for periodontal intrabony defects. In 2013 Qi Li et al. reported that PRF enhances osteogenic lineage differentiation of alveolar bone progenitors more than of periodontal progenitors by augmenting osteoblast differentiation and mineralised nodule formation via its principal component fibrin \[[@ref23]\]. Pripatnanont et al. in 2013 \[[@ref24]\] reported that PRF had a positive effect on bone formation when used alone or combined with autogenous bone.

When twenty patients were treated with nanocrystalline hydroxyapatite (NcHA) alone or with PRF in split-mouth study design, the results showed that the clinical advantages of NcHA bone graft in combination with PRF were superior to those of the NcHA alone \[[@ref25]\], \[[@ref26]\], \[[@ref27]\].

In the present investigation, using PRF + Nano-HA as one of the treatment modalities in induced intrabony defects didn't show significant bone formation compared to the control group whereas there were significant differences in bone density between after 15 and 30 days compared to baseline (p = 0.000, p = 0.000). This agrees with Elgendy \[2015\] et al. study \[[@ref26]\].

LLLT alone showed increased mitochondrial activity, synthesis of DNA / RNA in osteoblasts, cell viability, and alkaline phosphatase \[[@ref16]\]. A recent experimental study showed that in the early stages of bone healing, LLLT had a positive local biostimulative effect \[[@ref28]\].

The results of the current study didn't show statistical-significant improvements in bone healing after LLLT alone compared to the control group, whereas there were significant differences in bone density between 15 and 30 days of healing compared to baseline. (p = 0.000, p = 0.000 respectively).

In large bone defects, LLLT has been used to accelerate healing \[[@ref29]\]. Stimulating osteogenesis \[[@ref30]\] is considered a non-invasive, safe technique.

In the present investigation, the combined use of PRF+Nano-HA+Laser as one of the treatment modalities for induced intrabony surgical defects showed a statistically significant increase in a bone density greater than in the control group after 15&30 days (p = 0.002 and 0.004 respectively). And there were significant differences in bone density between 15^th^ day compared to baseline, 30^th^ day compared to baseline and 30^th^ day compared to 15^th^ day (p = 0.000, p = 0.000 and p = 0.026 respectively).

Bone healing is a complex process comprising prolonged inflammation, bone formation, and bone remodelling processes. The mechanism of action of LLLT, bone substitute, and PRF are different in accelerating the process of bone healing. LLLT and PRF and NanoHA's synergic effect could be superior to their separate use.

No study has assessed this possible synergistic effect to date. The combined effect of LLLT with PRF and NanoHA graft as a method of treatment in intrabony surgical defects in this experiment showed the highest amount of bone formation with the best quality of the newly formed bone. Radiographical examination and statistical analysis confirmed the superiority of the bioactive combination of surgical additive PRF+NanoHA+LLLT in periodontal intrabony defect repair.

Within the limitation of this experimental study, the following could be concluded; the use of PRF+NanoHA mix results in an increase in bone fill and density regarding the radiographical outcomes in induced periodontal intrabony defects in rabbits, and LLLT may improve the effects of this mix significantly.
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